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La pr^sente invention concerne un procid£ de fabrication 
d T un guide d'onde cptique ou fibre optique par §tirage d*une pr£- 
forme comportant une region de coeur et une region de gaine telles 
que I 1 indice de refraction de la premiere est supSrieur a celui 
5 de la seconde; elle a trait ggalement £ un four permettant la mise 
en oeuvre de ce proced€, ainsi qu'S des pr^formes egalement adap- 
t£es au mime prcc£d£* 

Pour que la lumiere puisse se propager £ l'intlrieur d'un 
guide d'onde, il faut que le milieu de transmission prisente deux 
10 indices de refraction diff£rents, la lumiere se propageant dans 
le milieu d* indice superieur et se ref lechissant sar.s pertes sur 
le milieu d* indice inf^rieur. Le milieu d r indice superieur est 
g£n§ralement appel§ le coeur de la fibre et le milieu d r indice 
inf§rieur la gaine. Plus la difference d" indice entre le coeur 
15 et la gaine est importante, plus la quantite de lumiere qui 

s'echappe de la fibre diininue. Cependant, si l*on veut que la 
lumiere transmise soit limitee 3. des modes priselectionnes , on 
doit choisir trls soigneusement 1' indice de refraction du coeur, 
1' indice de refraction de la gaine et le diam&tre du coeur* Ainsi r 
20 pour un mode ayant une valeur de coupure u, on definit une valeur 

caracteristique R de la fibre telle qu.'un mode particulier ne 
- • puisse se propager a l'interieur de la fibre que si R est supe- 
rieur ou egal £ la valeur de coupure u- Par exeirple, le mode HE 1X 
est le seul a se propager si R est inferieur a 2,405 ym. 
25 R est defini par 1 1 expression : 

R s "T" " n l " n 2 

ou ; 

a est le rayon de coeur de la fibre 
30 x la longueur d'once de la lumiere a transmettre 

* n 1 l 1 indice de refraction du coeur 

et 

n 2 1' indice de refraction de la gaine. 

Pour que le guide soit ef f ectivement utilisable, il faut 
35 qu'il soit compatible avec les sources lumineuses actuellement 

disponibles; la plage de longueurs d'onde accessible est comprise 
entre 0,8 et 1,06 pm. II doit presenter une attenuation totale la 
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plus faible possible. Le irateriau dont 1 1 attenuation minimale se 
situe entre 0,8 et 0,9 yia est actuellement la silice synthetique 
(Si0 2 ), qu'il est possible d'obtenir avec un degr£ de purete 
exceptionnel, 1 'ajustement des indices de coeur et de gaine etant 
realise par I'apport de cations d'iropuretes appropriees. 

Les qualites de transmission d'un guide d'onde sont li€es 
a I'absence quasi absolue d'impuretes indesirables dans le verre, 
la presence de quelques dizaines de millioniimes de m§taux de 
transition ou d'ions OH suffisant a rendre le guide inapte a la 
transmission de la lumiere sur de grandes distances, 1' absorption 
de celle-ci y etant trop importante. II est done necessaire de 
travailler dans des conditions de proprete draconiennes. 

Le guide peut §tre constitu§ d'un coeur et d f une gaine compor- 
tant variation abrupte de l^indice de 1'une k 1' autre ou bien 
d'un coeur et d'une gaine tels que le passage de l'une a 1' autre 
se fasse par une zone h gradient d'indice* 

Ce gradient d'indice peut etre obtenu par ichange d'ions ou 
encore par diffusion d'ions d'une region a l f autre. Les procedes 
correspondants consistent generalement a disposer le verre de 
coeur et le verre de gaine dans deux creusets coaxiaux se termi- 
nant inf erieurement par des buses egalement coaxiales et a chauf- 
fer 1' ensemble pour porter les verres a. une temperature, done 
a une viscosite suffisante pour permettre un calibrage par etirage 
des deux verres. Ces procedes ont 1 ' inconvenient majeur de ne pas 
permettre d'obtenir des fibres d'une composition parf aitement 
exempte d ' impuret€s etrang^res . 

II est egalement possible de partir d'une preforme compos^e 
d'un barreau de coeur revetu extirieurement d'un mater iau de 
gaine deposee a partir d'une phase gazeuse (d'une maniere qui sera 
precisee plus loin) ou d'un tube de gaine revetu inter ieurement 
d'un materiau de coeur, egalement depose a partir d'une phase 
gazeuse. Mais l'obtention d'un gradient d'indice est alors diffi- 
cile et surtout les proc§des de chauffage employes ne donnent 
pas comme on va le voir entilre satisfaction. 

D'une facon plus precise, la fabrication d'un guide d'onde 

ici 

optique comprend generalement/trois etapes distxnetes, a savoir : 
la preparation des matieres premieres, celle de la preforme et 
1' gtirage de la preforme en guide d'onde, cette troisieme opera- 
tion etant appeiee fibrage. 
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I» 1 invention concerne le fibrage et s'intiresse S. la seconde 
etape dans la mesure oxz la derni^re etape impose certaines exi- 
gences a la preparation de la preforme. 

Or r pour donner a la preforme la viscosite et par consequent 
5 la temperature n^cessaire au fibrage,. on utilise a ce jour comrae 
moyens de chauffage le four £ effet Joule, le four a induction 
haute frequence, le chalumeau & flamme et le chalumeau 3. plasma. 

Les fours a effet Joule et a induction haute frequence pr§- 
sentent pour cette application les. inconvenients suivants r 
10 a) difficulty de r§aliser i. I'interieur du four un fort gradient 
thermique necessaire a l'obtention d'une bonne quality de fibre, 
en gvitant la diffusion d'impuretes indesirables dans le verre, 
en palliant les phinomefies de devitrification et de trempe du 
verre, etc.? 

15 b} risque de pollution de la preforme par des impuretes subli- 
nes & partir des refractaires du four; 

c) difficulty de travailler en cas de besoin sous atmosphere 
controlee (par exemple oxydante, r£duc trice ou neutre ou encore 
sous vide plus on moins pousse) r 
20 d) difficulty d f observer visuellement Involution de la preforme 
dans le four; 

- \ e) pertes de temps dues au delai necessaire 1 porter le four a 
temperature convenable; 
f) encombrement du four? 

25 g) limitation tenant au fait que l f apport de chaleur a la pre- 
forme ne peut se faire que dans le sens allant de l'ext€rieur a 
I'interieur de celle-ci? 

h) limitation tenant au fait que l T £tirage ne peut se faire que 
dans le sens vertical descendant. On sait cependant que dans le 

30 cas oH la qualite de la fibre f inie exige que le verre soit amene 
lors du fibrage a: une viscosite relativement faible, il y aurait 
interet l pouvoir pratiquer l^tirage vers le haut. Dans le cas 
contraire en effet on est gene par I'ecoulement du verre sous 
1* influence de la gravite, on est oblige de faire tourner trop 

35 vite le tambour recepteur de la fibre finie, celle-ci n'a pas 
alors le temps de se refroidir suf f Isamment avant son arriv§e 
sur le tambour, d'ou risque de creation de contraintes internes 
dans cette fibre et meme de casse de celle-ci. On retrouve ainsi 



4 



2267987 



1* utility d'un fort gradient thennique pour que l'apport de 
chaleur sur la preforme soit tres localise et que celle-ci ne 
soit pas amende a se deformer sous 1' action de son propre poids. 

Les chalumeaux £ flainine et a plasma permettent sans doute 
d'€viter certains des inconv^nients que I'on vient de signaler 
notairanent ceux des rubriques a) , b) , d) , e) , f) et h) . Mais les 
autres subsistent et les risques de pollution de la preforme par 
des impuretes metalliques provenant de I 1 Erosion des €l€ments 
que travetsent les gaz avant d'arriver dans la flamme ou dans le 
plasma, ou encore par des ions OH provenant de la combustion des 
gaz (dans le cas uniquement du chalumeau £ flamme) restent pre- 
occupants . - 

La prisente invention a essentiellement pour but de s'affran- 
cbir dans une large mesure des inconvenients que presentent les 
moyens de chauffage utilises par I'art ant§rieur pour le fibrage 
d'une preforme. 

A cette fin, un precede de fabrication de guide d'onde optique 
par etirage d'une preforme consiste suivant 1 'invention -a partir 
d'une priforme telle que 1 1 un au moins des mater iaux constitutifs 
des regions de coeur et de gaine est dote dans la pr§forme d'un 
etat physique la rendant traiislucide, c'est-l-dire capable d 1 ab- 
sorber la lumiere e t a porter I'^xtremitede 
cette preforme a la temperature voulue pour qu'elle acquiere la 
viscosity permettant 1' etirage en I'avan^ant progressivement dans 
I'etroite zone chaude d*un four a concentration d'^nergie optique. 

On peut se rendre compte des maintenant que la quasi-totalite 
des inconvenients signal^s ci-dessus en a) a h) des moyens de 
chauffage utilises par l'art anterieur pour le fibrage d'une pre- 
forme est supprimee. En particulier on peut : 

— comme par les chalumeaux, realiser facilement un fort gradient 
thennique, de l'ordre de 1500°C/cm, positionner tout aussi facile- 
ment la preforme dans ce gradient thermique, ce qui permet d'at- 
teindre tres rapideir.ent, done economiquement, un regime permanent 
de fibrage, enfin effectuer 1* etirage de la preforme vers le haut; 

— mais surtout, comme ne le permet aucun des moyens de chauffage 
ant§rieurement utilises, 

— eviter tout risque de pollution de la preforme, 

— realiser l f apport de chaleur a la preforme directement en 
une zone cylindrique de rayon predetermine. 
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- travaiiler en atrcospnere contrfilee, c l est-a-dire dans tin 
four a parol etanclie aux gaz, 

~ pou voir utiliser pour constitucr la pr 6 f o rme un materiau de 
cocur constitute pax une poudrc enfcrnee dans un tube on matcSriau 
5 de ^aine, ou encore constituer les d eux regio.is do coeur et de 
gaine par des poudres, 

— enfin, pouvoir realiser un gradient . d l indicc dans le fibre 
f inie. 

Pour mottre en oeuvre le procede ainsx dofin± t I 1 invention 
10 propose d 1 utiliser un four a image, une source de luniiere telle 
* qu f unc lacxpe a arc etant disposee en un premier foyer du four et 
l 1 erttretnit 6 de la prof orme a ctirer a 1* autre foyer. 

Un teX four a image est cormu. On en trouvera des descriptions 
par example dans la littcrature suivante : 
15 - Pr, COLLONGUZS : "hethodos recentes pour l'obtention de tres 

kautos temperatures o Le four a image et le clialumeau a plasma" • 
Silo Industr. (mars 1 96Z ) 27 - 3, PP. 115-128* 

- Ea OLASr.R : "On the beating of materials in imaging furnaces" 
Actes du VTIIeme congres ceramique intorncitional de Copcnnague, 

20 196*2, pp* 37-^o 

On pent egalonent envisager 1 1 emploi de lasers a eirdssion 
dans le proche infrarouge, par exeinple au bioxyde de carb one, 
disposes radialcccnt autour de ladite zone chaude© 

L,* invention propose enfin un certain nombre de types de 
25 pri'ifor 1 mes susocptibles de repondre au:: besoins du procode ci-dessus 
clefinio 

L« invent i on sera mieux comprise a la lecture de la description 
qui suit de plusicurs exc: pics do fours a image pormcttant la -mis e 
en oeuvre du procede do 1 f invention et de plusicurs types de 
30 preformos utilisables, ainsi qu'a l'exaracu des des sins annexes 
correspondants, dans les que Is r 

- la Figo 1 est une vue cn coupe scliematiquc verticalc d'un four 
a image dans lcquc-1 1 T etirage de la prufornc represente comme se 
faisani vers le bas, pourrait eg:-. lone: it sc fairc vers le haut ; 

35 _ la Fig* 2 est une wo on coupe scbeir.-*-t iquc verticals d'un four 
a image di^is loquel l r a::c principal ^st renvpye a 90° p.»r un 
tniroir plan ; 
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- les Figs* 3 et 4 sont des vues en coupes schematiques de pre- 
formes oil les regions translucides constitutes par des poudres 
fritt£es sont indiquees par des piquetages. 

Tel qu'il est represents a la Fig. 1, un four a image est j 
5 constitue par deux miroirs elliptiques 1, 2, calottes ayant leurs 

concavitis tournees l'une vers l 1 autre et tirees de deux ellip- * . 

soldes longs de revolution autour d f un axe commun S 1 S 2 / s'etendant 
de part et d' autre d'un foyer commun F; ces deux ellipsoxdes ne 
sont pas obligatoirement de m§mes dimensions. Une source de lumiere 
10 3, ici une lampe a arc, est disposee au foyer F ± du miroir 1, 

l'objet a chauffer 4, ici 1 1 extremite effilee d'une preforme en | 
etirage, au foyer F 2 du miroir 2 , ou se forme I 1 image de la lampe | 
3. La temperature a laquelle est porte l'objet 4 depend de ses | 
proprietes d' absorption de la lumiere et a pour limite superieure 
15 theorique celle de la source 3. II faut done pour que i'echauffe- 
ment puisse se produire que l'une au moins des parties dont la pre- 
forme 4 est constitute absorbe la lumiere et soit done translucide. 

Dans ces conditions, la preforme composite (en verres de 
silice diversement dopes) eat rapidement portee dans une etroite 
20 zone proche de son extremity a une temperature a laquelle les 

materiaux dont elle est composee acquierent une. viscosite suffi- 
samment faible pour permettre l'etirage de la preforme (de diametre 
D) en une fibre optique (de diametre d) possedant les caracteris- 
tiques d'un guide d'onde. 
25 Dans le cas de la Fig. 1, ou le miroir-image est comme le 

miroir-source d'axe horizontal, l'etirage se fait verticalement 
soit vers le has (cas de la Fig. 1) , soit vers le haut. 

La preforme est montee sur un mandrin (non represente) anime 
d'un mouvement de translation de vitesse v; de 1" autre cote, i a 
30 fibre finie s'enroule sur un tambour 5 anime d f un mouvement de 
rotation tel que la vitesse de translation en resultant pour la 
fibre soit de vitesse V liee evidemment a v par la relation : 

2 2 
D^v = d V 

la valeur commune des deux membres de cette equation qui repre- 
35 sente le debit de matiere etant liee a la puissance (reglable) de 
la lampe, aux proprietes d 1 absorption de lumiere de la preforme 
et aux pertes thermiques. En cas de besoin, on peut disposer sur 
I'axe coiranun aux deux miroirs 1, 2, un petit miroir recuperateur 6. 
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D'un autre c6te f la vitesse v est prise de fa^on que la fibre ait 
la possibilite de se refroidir suf f isamment avant son enroulement 
sur le tambour. 

Le mandrin porteur de la preforme est en outre anime d'un 
■mouvement de rotation de maniere qu'elle soit uniformement chauf- 
f€e sur tout son pour tour* 

Dans I'exemple de realisation de la Fig. 2 oH les elements 
homologues a ceux de la Fig. 1 sont d§sign§s par les memes numeros- 
reperes, I'axe du miroir- image 2 est vertical, les rayons lumineux 
issus du miroir 1 etant r envoy es a 90° par un xniroir plan 7, re— 
froidi par un courant d'eau. Dans ce cas, la prefonue etant dirig^e 
suivant I'axe du miroir-image 2 n'a plus besoin d f §tre entralnee 
en rotation par son mandrin, mais l'€tirage se. fait alors obliga- 
te irement vers le baut f la fibre finie traversant une ouverture 8 
pratiqu§e dans la partie centrale du miroir 2.. 

Exemple (Fig. 2) - 
Miroir-image 

encombreinents en direction axiale 7 cm 

encombrenrents en direction perpendiculaire 30 cm 
diametre d 'ouverture centrale 7 cm 

Ensemble 

encombreinents en direction axiale 



30 



35 



SCOF- 



FS. 



78 cm 
65 cm 



40 



Source de lumiere 

lampe a arc au x€non de puissance . 
Preforme 

diametre de coeur 

diametre ext§rieur de gaine 
Fibre finie 

diametre de coeur 

diametre exterieur de gaine 
Tambour d* enroulement de la fibre 

diametre 

vitesse de rotation 
Vitesses de translation 
de la preforme 
de la fibre 

II existe de tr.es nombreuses fagons d' obtenir une preforme 
telle que l'un au moins des mater iaux constitutifs des regions 
de coeur et de gaine soit dote dans la preforme d f un etat physique 



6,5 KW 

4 mm 
6 mm 

80 mm 
120 mm 

200 mm 
50 tours/minute 

12,56 mm/mn 
31,42 mm/mn 
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le rendant translucide, c'est-a-dire capable d' absorber la lu- 
rciere. 

La methode la plus interessante au point de vue economique 
consiste a p^arer une ou plusieurs poudres renfennant des mate- 
riaux determines en proportions determinees, afin de realiser la 
relation d'inegalite voulue entre les indices de refraction des 
regions de coeur et de gaine. On utilisera eventuellement la reac- 
tion connue de depSt pulverulent a partir de phases gazeuses ren- 
fenrant des chlorures de cations determines en proportions deter- 
minees, par oxydation du ou des chlorure(s) f suivant des schemas 
tels que : 

Si Cl 4 + O z ► Si 0 2 + 2 Cl 2 

Ti Cl 4 + 0 2 + Ti 0 2 + 2 Cl 2 

Ge Cl 4 + 0 2 * Ge 0 2 + 2 Cl 2 

4B Cl 3 + 30 2 * 2B 2 °3 + 6 C1 2 

Une telle poudre peut Stre disposee, directement ou non, a 
1'interieur d'un tube creux ou a 1'exterieur d'un barreau, de 
materiau cho.isi afin de realiser la condition relative aux indices 
de gaine et de coeur de la fibre et par lui-meme transparent, la 
poudre etant dans tons les cas finalement frittee, c'est-a-dire 
agglomtree par la chaleur, le frittage sur le barreau pouvant 
Stre precede par un pressage isostatique de la poudre, en lur-meme 
connu (enveloppement plonge dans un liguide hydraulique sous 
pression) , sur le tube ou sur le barreau. 

On a represents a titre d'exemple a la Fig. 4 un tube de 
' verre de silice transparente 11 constituant la region de gaine 
et a 1'interieur une poudre de verre de silice 12 finalement 
frittee constituant la region de coeur. On salt que dans une telle 
structure de preforme : 

- la gaine peut etre constitute par de la silice pure et le coeur 
par de la silice dopte par un oxyde d'un metal tel que le germa- 
nium ou le titane, 

- la gaine peut etre constitute par de la silice dopee par un 
oxyde de bore et le coeur par de la silice pure. 

Mais la preforme toute entiere peut etre constitute par des 
poudres de materiaux de natures determinees et de proportions 
determinees, de facon a realiser 1'inegalite des indices (cas non 
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represents) , ces poudres etant compacties par pressage isostatique, 
au besoin sous vide, successivement, celle de coeur d l abord, celle 
de gaine ensuite par-dessus la precedente, l f ensemble etant fina- 
lement fritt§* 

5 On peut meme rSaliser en plus des regions de coeur et de 

gaine, une r§gion peripherique en poudre d f un matSriau determine, 
qui puisse etre f ibr# conjointement avec les autres constituants 
mais d f indice quelconque puisque cette couche n'aura dans la fibre 
finie qu'un role de protection - -1* ensemble §tant finale- 

10 ment encore une fois fritt§-. 

On a represents a titre d'exemple a la Fig. 4 -me preforme 
comportant une region de coeur 12 en poudre de ver de silice 
non dopee, une region de gaine 11 en poudre de ver ^ de silice 
dop£e au trioxyde de bore et une region peripherique 13 en silice 

15 pure. 

Dans l'une quelconque des formes de realisation de preformes 
dScrites ci-dessus, on peut prendre certaines mesures pour que 
la fibre finie accuse un gradient d'indice de refraction au passage 
de la region, de coeur a celle de gaine, 

20 - soit en realisant ce gradient d'indice des la fabrication de la 
preforme, en s'arrangeant pour que la ou les regions constitutes 
par de la poudre soient rSalisees progressivement par couches su- 
perposees d r indices variant de l'une a l 1 autre suivant les besoins, 
- soit en ne realisant ce gradient d'indice qu'au moment de l'eti- 

25 rage, I'apport d'enercie lors du chauffage de la preforme etant 
realist de fagon a obtenir une diffusion des impuretes creant le 
gradient cherchS. 

, . ^ Ces deux types de mesures peuvent d'ailleurs etre appliques 

successivement. 
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REVENDICATIOMS 

1. - Proced§ de fabrication d'un guide d'onde optique ou fibre 
optique par etirage d'une preforme comportant une region de coeur 
et une region de gaine telles que 1 1 indice de refraction de la 

5 premiere soit superieur £ celui de la seconde, caract§ris§ en ce 
qu$ l f on part d'une preforme telle que l"un au moins des materiaux 
constitutifs des regions de coeur et de gaine est dotS dans la 
preforme d'un etat physique le rendant translucide, c'est-S-dire 
capable d f absorber la lumiere et en ce que I'on porte l*extr£mit€ 
10 de cette preforme a la temperature voulue pour qu'elle acquiere 
la viscosity pennettant 1 9 Etirage en 1 1 avangant progressivement 
dans l'^troite zone chaude d'un four a concentration d'^nergie 
optique . 

2. - Four d' etirage permettant la mise en oeuyre du proc£d€ 

15 selon la revendication 1, caracterise en ce qu*il est du type four 
1 image, une source de lumiere telle qu f une lampe S arc etant dis- 
pos£e en un premier foyer du four et 1 'extremity de la pr§forme a 
etirer a l r autre foyer. 

3. - Four d' etirage permettant la mise en oeuvre du proced§ 

20 selon la revendication 1, caracterise en ce qu'il est constitue 

au 

par plusieurs lasers, par exemple/bioxyde de cariione, disposes 
radialement autour de ladite zone chaude. 

4. — Four d'§tirage selon la revendication 2 et constitu§ par 
deux miroirs elliptiques dont un miroir-source et un miroir-image, 

25 caracterise en ce qu ' il est agenc§ de fa^on que l'axe du miroir- 
image soit horizontal et que 1 ' §tirage se fasse dans le sens verti- 
cal descendant, 

5. - Four d" etirage selon la revendication 2 ,caract£ris§ en 
ce qu'il est agence de fa^on que 1 f axe du miroir-image soit hori- 

30 zontal et que 1 ' etirage se fasse dans le sens vertical ascendant. 

6. - Four d' Stirage selon la revendication 2 r caracterise en 
ce qu'il est agence de fa^on que l'axe du miroir-image soit verti- 
cal et que 1' etirage se fasse dans le sens vertical ascendant S 
travers une ouverture percee dans ce miroir-image. 

35 7.— Four d' etirage selon l'une des revendications 2 a 6, 

caracterise en ce qu'il est pourvu d'une enveloppe £tanche de 
maniere a pouvoir faire 1' etirage sous atmosphere contrClee, 
notamment sous vide. 
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8.- Preforme permettant la mise en oeuvre du proc€d€ selbn la 
revendication 1, caracterisee en ce que la region de gaine est 
constitute par un tube en materiau transparent et la region de 
coeur par une poudre de materiaux determines en proportions deter- 
5 mintes de fagon a rSaliser avec le materiau de gaine la relation 
d'inegalite voulue entre les indices de refraction des ^regions de 

coeur et de gaine - 

Preforme permettant la mise en oeuvre du procid€ selon la 
revendication 1, caracterisee en ce que la region de coeur est 
10 constitute par un barr^u/transparent et la region de gaine pax 
une poudre de materiaux determines en proportions determiners- de 
facon a realiser avec le materiau. de coeur la relation d'inegalite 
voulue entre les indices de refraction des regions de coeur et de 
gaine. 

15 10 .-- Preforme permettant la mise en oeuvre du proctde selon la 

" revendication l f caracterisee en ce que le coeur est constitue par 
une poudre compactte de materiaux determines en proportions deter- 
mines, la rggion de gaine etant constitute par une poudre de 
materiaux determines en proportions determiners , de maniere a rta- 
20 liser la relation d'inegalite voulue entre les indices de refrac- 
tion des deux regions, celle-ci etant compactee autour de la pre- 
- miSre. 

11. - Preforme selon l'une des revendications 8 et 9, caracte- 
risee en ce que les materiaux non transparents constituant la 

25 region de coeur (ou de gaine) sont obtenus par de P 6t direct sur 

la face inttrieure (ou exterieure) du tube de gaine (ou du barreau 
de coeur) . 

12. - Preforme selon l'une des revendications 8 et 9, caracte- 
risee en ce que les materiaux non transparents constituant la 

30 region de coeur (ou de gaine) sont obtenus par de P 6t prealable 

sur une surface convenable, puis introduits a l'interieur du tube 
de gaine (ou appliques sur le barreau de coeur) . 

13. - Preforme selon la revendication 12, caracterisee en ce 
que les mat§riaux non transparents rapportes constituant la r€- 

35 gion de coeur sont compactes puis frittfis et finalement introduits 

dans le tube de gaine. 

14. - Preforme selon la revendication 12, caracterisee en ce 
que les materiaux non transparents rapportes constituant la region 
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de gaine sont compactes sur le barreau constituant la region de 
coeur puis frittes. 

15. - Preforme selon l'une des reyendications 10, 13 et 14 * 
caracterisSe en ce que le compactage des poudres formant la region 

5 de coeur (ou de gaine) (ou de coeur et de gaine) est realise par [ 
pressage isostatique, au besoin sous vide. 

16. — Pr^forme selon la revendication 8, caracterisie en ce 
que la region de gaine est constitute par un tube en verre de 
silice fondue renfermant ou non des impuretes determiners en pro— 

10" portions dSteririnees et la region de coeur par une poudre de verre 
de silice renfermant ou non des impuretes determinees en propor- 
tions determinees mais de fagon a r§aliser la relation d 1 in€galite \ 
voulue entre les indices de refraction des deux regions, cette ? 
poudre de verre de silice etant obtenue par reactions connuesde 1 

15 dep6t pulverulent § partir d*une phase gazeuse et finalement frit- 
tee dans le tube. 

17. - Preforme selon la revendication 9, caract€ris§e en ce 
que la region de coeur est constitute par un barreau en verre de 
silice fondue renfermant ou non des impuretes determinees en pro- 

20 portions determinees et la region de gaine par une poudre de verre 
de silice renfermant ou non des impuretes determinees en propor- 
tions determinees , mais de fagon £ realiser la relation voulue 
d'inegalite entre les indices de refraction des deux regions, 
cette poudre de verre de silice etant obtenue par reactions connues 

25 de depot pulverulent a partir de phases gazeuses et finalement 
frittee sur le barreau. 

18. - Preforme selon la revendication 10, caracterisee en ce 
que la region de coeur est constituee par une poudre de verre de 
silice contenant ou non des impuretes determinees en proportions 

30 determinees et compactee, la region de gaine par une poudre de 

verre de silice contenant ou non des impuretes determinees en pro- 
portions determinees de fagon a realiser la relation voulue d'ine- 
galite entre les indices de refraction des deux regions et compac- 
tee autour de la premiere, les deux poudres de verre etant obtenues 

35 par reactions connues de depots pulverulents a partir de phases 
gazeuses, et 1' ensemble etant finalement fritte. 

19. - Preforme selon l f une des revendications 8 1 18 , caracte- 
risee en ce que la region de gaine est entouree par une region 
peripherique de protection constituee par un materiau compatible 
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avec les constituants de la gaine et du coeur au point de vue 
des caract£ristiques de fibrage. 

20. - Preforme selon I'une des revendicaticns 8 cl 19, caract§- 
risee en ce que la ou les regions constitutes par de la poudre 

5 de materiaux determines en proportions detennin^es sont r6alisees 
progress ivement par couches superposees accusant un gradient 
d'indice de refraction » 

21. - Proc€d§ selon la revendication 1, caracterise en ce que 
l'apport d f 6rie"rgie lors du chauffage de la preforme est realise 

10 en une zone cylindrique de rayon predetermine, de fagon 3. obtenir 
par diffusion lors de I'etirage un gradient d*indice de refraction. 
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[Translation of French publication 2 267 987 filed on 
19 April 1974 under the number 74/13706 in the name of 
Jean-Marie HAUS SONNE and Alexandre REVCOLEVSCHI and 
entitled "Method of manufacturing an optical waveguide 
5 from a preform, corresponding preforms and 
corresponding furnaces"] 

The present invention relates to a method of 
10 manufacturing an optical waveguide or optical fibre by 
drawing a preform comprising a core region and a 
cladding region which are such that the refracted index 
of the first is greater than that of the second; it 
also relates to a furnace for implementing this method, 
15 and to preforms also suited to the same method. 

In order for the light to be able to propagate inside a 
waveguide, it is necessary that the transmission medium 
should have two different refractive indices, the light 

2 0 propagating through the medium of higher refractive 
index and reflecting without losses off the medium of 
lower refractive index. The medium of higher refractive 
index is generally known as the core of the fibre and 
the medium of lower refractive index is generally known 

25 as the cladding. The greater the difference in index 
between the core and the cladding, the less light 
escapes from the fibre. However, if it is desired for 
the transmitted light to be limited to preselected 
modes, then the refractive index of the core, the 

30 refractive index of the cladding and the diameter of 
the core have to be chosen with very great care. Thus, 
for a mode with a cut-off value u, a characteristic 
value R of the fibre is defined such that a particular 
mode can be propagated inside the fibre only if R is 

35 greater than or equal to the cut-off value u. For 
example, the mode HE U is the only one that can be 
propagated if R is less than 2.405 |im. 

R is defined by the expression: 
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X 

where: 

5 a is the radius of the core of the fibre 

X is the wavelength of the light to be transmitted 
ni is the refractive index of the core 

and 

n 2 is the refractive index of the cladding. 

10 

For the waveguide to be actually usable, it is 
necessary for it to be compatible with the light 
sources currently available; the accessible range of 
wavelengths is between 0.8 and 1.06 |im. It has to 

15 exhibit the lowest possible total attenuation. The 
material whose minimum attenuation is between 0.8 and 
0 .9 jam is currently synthetic silica (Si0 2 ) , which can 
be obtained with an exceptional level of purity, the 
core and cladding indices being adjusted by adding 

20 ' cations of appropriate impurities. 

The transmission qualities of a waveguide are linked 
with the practically absolute absence of undesirable 
impurities in the glass, the presence of a few tenths 
25 of millionths of transition elements or of OH ions 
being enough to make the guide unable to transmit light 
over great distances, its absorption therein being too 
great. It is therefore necessary to work under 
draconian conditions of cleanliness. 

30 

The guide may consist of a core and of a cladding 
comprising an abrupt variation in the index from one to 
the other or alternatively of a core and of a cladding 
which are such that the passage from one to the other 
35 is via a zone with an index gradient. 

This index gradient may be obtained by ion exchange or 
alternatively by diffusion of ions from one region to 
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the other. The corresponding methods generally consist 
in depositing the core glass and the cladding glass in 
two coaxial crucibles ending at the bottom in nozzles 
which are also coaxial and in heating the entity to 
5 raise the glasses to a temperature, and therefore to a 
viscosity, which is good enough to allow the two 
glasses to be sized by drawing. These methods have the 
major disadvantage of not making it possible to obtain 
fibres with a composition that is perfectly free of 
10 foreign impurities. 

It is also possible to start out with a preform made up 
of a core rod externally coated with a cladding 
material deposited from a gaseous phase (in a way which 

15 will be specified later on) or from a tube of cladding 
internally coated with a core material, also deposited 
from a gaseous phase. However, obtaining an index 
gradient is then difficult and above all the heating 
methods employed do not, as will be seen, prove 

20 entirely satisfactory. 

More specifically, the manufacture of an optical 
waveguide here generally comprises three separate 
steps, namely: preparing the raw materials, preparing 
25 the preform and drawing the preform into a waveguide, 
this third operation being known as fibre drawing. 

The invention relates to the fibre drawing and concerns 
the second step in that the last step imposes certain 
30 requirements on the preparation of the preform. 

Now, to give the preform the viscosity, and therefore 
the temperature, needed for fibre drawing, use is these 
days made, by way of heating means, of a Joule-effect 
35 furnace, a high-frequency induction furnace, a flame 
torch and a plasma torch. 



Joule-effect furnaces and high-frequency induction 
furnaces have the following disadvantages for this 
application: 

a) the difficulty of achieving, within the furnace, a 
steep thermal gradient needed for obtaining a good 
quality fibre, avoiding the diffusion of undesirable 
impurities into the glass, fighting against the 
phenomena of devitrification and hardening of the 
glass, etc; 

b) the risk of contaminating the preform with 
impurities sublimated from the furnace refractories; 

c) the difficulty in working, if necessary, under a 
controlled atmosphere (for example an. oxidising, 
reducing or neutral atmosphere or alternatively under 
strong or weak vacuum) ; 

d) the difficulty of visually observing the change in 
the preform in the furnace; 

e) the loss of time due to the time taken to bring 
the furnace to the appropriate temperature; 

f) the size of the furnace; 

g) the limitation that takes account of the fact that 
the supply of heat to the preform can be only in the 
direction from the outside of the preform to the inside 
thereof; 

h) the limitation* stemming from the fact that drawing 
can be done only in the downwards vertical direction-. 
However, it is known that, when the quality of the 
finished fibre demands that the glass be at a 
relatively low viscosity during fibre drawing, it would 
be beneficial to be able to do the drawing upwards. 
This is because in the contrary situation the running 
of the glass under the influence of gravity constitutes 
a hindrance and the drum that receives the finished 
fibre has to be revolved too quickly and the finished 
fibre does not therefore have time to cool sufficiently 
before it arrives on the drum, hence risking the 
creation of internal stresses in this fibre and even 
the breakage thereof. The utility of a steep thermal 
gradient is found again here, so that the supply of 
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heat to the preform is highly localized and the. preform 
is not made to deform under the action of its own 
weight. 

5 Flame and plasma torches undoubtedly make it possible 
to avoid some of the disadvantages that have just been 
pointed out, particularly those of sections a) , b) , d) , 
e) , f) and h) . However, the others remain and the risks 
of contaminating the preform with metallic impurities 
10 from the erosion of the elements through which the 
gases pass before arriving in the flame or in the 
plasma, or alternatively with OH ions from the 
combustion of the gases (in the case of the flame torch 
only) remain a concern. 

15 

The object of the present invention is essentially to 
get away to a large extent from the disadvantages that 
the heating means used in the prior art for fibre 
drawing of preform exhibit. 

20 

To this end, a method of manufacturing an optical 
waveguide by drawing a preform consists, according to 
the invention, starting out from a preform such that at 
least one of the materials that make up the core . and 

25 cladding regions is endowed, in the preform, with a 
physical state that makes it translucent, that, is to 
say capable of absorbing light, and in bringing the end 
of this preform to the desired temperature so that it 
acquires* the viscosity that will aliow drawing to be 

30 performed, advancing gradually through the narrow hot 
zone of a furnace in which there is a concentration of 
optical energy. 

It can now be appreciated that practically all of the 
35 disadvantages pointed out above as a) to h) of the 
heating means used in the prior art for fibre drawing a 
preform are eliminated. In particular, it is possible: 

like with the. torches, easily to achieve a steep 
thermal gradient, of the order of 1500°C/cm, to 
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position the preform just as easily in this thermal 
gradient, making it possible very quickly and therefore 
very economically to reach a steady fibre-drawing set 
of conditions so that the preform can be drawn upwards; 
5 - and above all, and this is something which none of 
the previously used heating means would allow: 

- to avoid any risk of contaminating the preform, 
to supply heat to the preform directly in a 

cylindrical zone of predetermined radius, 
10 to work in a controlled atmosphere, that is to 

say in a furnace with gastight walls, 

to be able to use, to form the preform, a core 

material consisting of a powder contained in a tube 

made of a cladding material, or alternatively to form 
15 the two core and cladding regions using powders, 

- and finally, to be able to achieve an index 
gradient in the finished fibre. 

To implement the method thus defined, the invention 
20 proposes the use of an image furnace, a source of light 
such as an arc lamp being arranged at a first focal 
point of the furnace and the end of the preform that is 
to be drawn being arranged at the other focal point. 

25 Such an image furnace is known. Descriptions thereof 
will be found, for example, in the following 
literature : 

Pr- COLLONGUES: "Methodes recentes pour 

l'obtention de tres hautes temperatures. Le four a 
30 image et le chalumeau a plasma" ["Recent methods for 
obtaining very high temperatures. The image furnace and 
the plasma torch"] Sil . Industr. (March 1962) 27-3, pp. 
115-128. 

E. GLASER: "On the heating of materials in imaging 
35 furnaces" Acts of the Vlllth International Ceramics 
Congress at Copenhagen, 1962, pp. 37-44. 



It is also possible to envisage the use of lasers that 
emit in the near infrared, for example carbon dioxide 
lasers, arranged radially around the said hot zone. 

The invention finally proposes a certain number of 
types of preform capable of meeting the requirements of 
the method defined hereinabove. 

The invention will be better understood from reading 
the description which follows of several examples of 
image furnaces for the implementation of the method of 
the invention and of several types of preform that can 
be used, and from examining the corresponding appended 
drawings, in which: 

Figure 1 is a schematic view in vertical section 
of an image furnace in which the drawing of the 
preform, which is depicted as being done downwards, 
could just as easily be done upwards; 

Figure 2 is a schematic view in vertical section 
of an image furnace in which the main axis is turned at 
90° by a flat mirror; 

Figures 3 and 4 are schematic views in section of 
preforms in which the translucent regions consisting of 
sintered powders are shown by dotting. 

As depicted in Figure 1, an image furnace consists of 
two cup-shaped elliptical mirrors 1, 2, having their 
concave faces facing one another and drawn from two 
long ellipsoids of revolution about a common axis Si, 
S 2 , extending one on each side of a common focal- point 
F; these two ellipsoids are not necessarily of the same 
size. A light source 3, here an arc lamp, is arranged 
at the focal point Fi of the mirror 1, the object to be 
heated 4, here, the tapered end of a preform for 
drawing, being arranged at the focal point F 2 of the 
mirror 2, where the image of the lamp 3 is formed. The 
temperature to which the object 4 is raised depends on 
its light-absorption properties and its theoretical 
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upper limit is that of the source 3. It is therefore 
necessary, in order that heating can take place, for at 
least one of the parts of which the preform 4 is made 
to absorb light and therefore to be translucent. 

5 

Under these conditions, the composite preform (made of 
variously doped silica glasses) is quickly raised, in a 
narrow zone close to its end, to a temperature at which 
the materials of which it is made acquire a viscosity 
10 which is low enough to allow the preform (of diameter 
D) to be drawn into an optical fibre (of diameter d) 
having the characteristics of a waveguide. 

In the case of Figure 1 in which the image mirror, like 
15 the source mirror, has a horizontal axis, drawing is 
done vertically either downwards (the case of Figure 1) 
or upwards . 

The preform is mounted on a mandrel (not depicted) 
given a translational movement of speed v; on the other 
side, the finished fibre is wound onto a drum 5 given a 
rotational movement such that the resulting 
translational speed of the fibre is a speed V which is 
naturally linked to v by the relationship: 

D 2 v = d 2 v 

the common value of the two parts of this equation 
which represents the flow rate of material being linked 
to the (adjustable) power of the lamp, to the light- 
absorption properties of the preform and to the thermal 
losses. If need be, a small recovery mirror 6 may be 
arranged on the axis common to the two mirrors 1, 2. 
From another point of view, the speed v is kept such 
that the fibre is able, to cool enough before it is 
wound onto the drum. 



20 



25 



30 



35 



The mandrel carrying the preform is also given a 
rotational movement so that it is heated uniformly 
around its entire periphery. 



- 9 - 



In the exemplary embodiment of Figure 2 in which the 
elements which are similar to those of Figure 1 are 
denoted by the same reference numbers, the axis of the 
5 image mirror 2 is vertical, the rays of light from the 
mirror 1 being turned at 90° by a flat mirror 7, cooled 
by a stream of water. In this case, with the preform 
directed along the axis of the image mirror 2, it no 
longer needs to be rotated by its mandrel, but drawing 
10 has to be done upwards, the finished fibre passing 
through an opening 8 made in the central part of the 
mirror 2 . 

Example (Figure 2) 
15 Image mirror 

size in the axial direction 7 cm 

size in the perpendicular direction 30 cm 

diameter of the central opening 7 cm 

Entity 

20 SiOF 78 cm 

size in the axial direction 

FS2 65 cm 

Light source 

xenon arc lamp with a power of 6.5 kW 

25 Preform 

core diameter 4 mm 

cladding outside diameter 6 mm 

Finished fibre 

core diameter 80 mm 

30 cladding outside diameter 120 mm 

Fibre winding drum 

diameter 200 mm 

rotational speed 50 revolutions/minute 

Trans lational speeds 
35 of the preform 12.56 mm/min 

of the fibre 31.42 mm/min 



There are a great many 
that at least one of 



ways of obtaining a preform 
the materials of which the 



such 
core 



and cladding regions are made is endowed, in the 
preform, with a physical state that makes it 
translucent, that is to say capable of absorbing light. 

5 The method which is most advantageous from the 
economical point of view consists in preparing one or 
more powders containing determined materials in 
determined proportions so as to achieve the desired 
inequality relationship between the refractive indices 
10 of the core and cladding regions. Use may possibly be 
made of the known reaction of pulverulent deposition 
from gaseous phases containing chlorides of determined 
cations in determined proportions by oxidation of the 
chloride (s) , according to formulae such as: 
15 SiCl 4 + 0 2 -> Si0 2 + 2C1 2 

TiCl 4 + 0 2 -> Ti0 2 + 2C1 2 

GeCl 4 + 0 2 -> Ge0 2 + 2C1 2 

4BC1 3 + 30 2 -> 2B 2 0 3 + 6C1 2 

20 Such a powder may be deposited, directly or indirectly, 
on the inside of a hollow tube or on the outside of a 
rod of a material chosen so as to achieve the condition 
relating to the cladding and core indices of the fibre 
and thereby transparent, the powder in all cases 

25 finally being sintered, that is to say agglomerated 
using heat, it being possible for sintering on the rod 
to be preceded by isostatic pressing of the powder, 
known per se (envelopment plunged into a hydraulic 
liquid under pressure) on the tube or on the rod. 

30 

Figure 4 depicts, by way of example, a tube 11 of 
transparent silica glass constituting the cladding 
region and, inside it, a powder 12 of silica glass 
which is finally sintered to form the core region. It 
35 is known that in such a preform structure: 

the cladding may consist of pure silica and the 
core may consist of silica doped with an oxide of a 
metal such as germanium or titanium, 



-li- 
the cladding may consist of silica doped with an 
oxide of boron and the core may consist of pure silica. 

However, the entire preform may consist of powders of 
5 materials of determined natures and determined 
proportions so as to achieve the inequality of the 
indices (a scenario which has not been depicted) , these 
powders being compacted by isostatic pressing, under 
vacuum if necessary, in succession, core first then 
10 cladding afterwards over the previous one, the entity 
finally being sintered. 

It is even possible in addition to the core and 
cladding regions to produce a peripheral region made of 
15 a powder of a determined material which can be fibre 
drawn together with the other constituents but which 
has any index whatsoever because this layer will, in 
the finished fibre, merely play a protective role, the 
entity finally once again being sintered. 

20 

Figure 4 depicts, by way of example, a preform 
comprising a core region 12 made of undoped silica 
glass powder and a cladding region 11 made of' silica 
glass powder doped with boron trioxide and a peripheral 
25 region 13 made of pure silica. 

In any one of the preform embodiments described 
hereinabove, certain steps can be taken to ensure that 
the finished fibre has a refractive-index gradient from 

30 the core region to the cladding region, 

either by producing this index gradient at the 
time of manufacture of the preform by contriving for 
the region or regions made of powder to be produced 
gradually in superposed layers with indices that vary 

35 from one to the next as required, 

or by producing this index gradient only at the 
time of drawing, the supply of energy during the 
heating of the preform being done in such a way as to 
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cause the impurities to diffuse thus creating the 
desired gradient. 



These two types of step may, incidentally, be applied 
in succession. 
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Method of manufacturing an optical waveguide or 
optical fibre by drawing a preform comprising a 
core region and a cladding region which are such 
that the refracted index of the first is greater 
than that of the second, characterized in that the 
starting point is a preform such that at least one 
of the materials that make up the core and 
cladding regions is endowed, in the preform, with 
a physical state that makes it translucent, that 
is to say capable of absorbing light, and in that 
the end of this preform is raised to the desired 
temperature so that it acquires the viscosity that 
will allow drawing to be performed, advancing 
gradually through the narrow hot zone of a furnace 
in which there is a concentration of optical 
energy. 

Drawing furnace allowing implementation of the 
method according to Claim 1, characterized in that 
it is of the image furnace type, a source of light 
such as an arc lamp being arranged at a first 
focal point of the furnace and the end of. the 
preform that is to be drawn being arranged at the 
other focal point. 

Drawing furnace for implementation of the method 
according to Claim 1, characterized in that it 
consists of several lasers, for example carbon 
dioxide lasers, arranged radially around the said 
hot zone . 

Drawing furnace according to Claim 2 and 
consisting of two elliptical mirrors one of which 
is a source mirror and the other of which is an 
image mirror, characterized in that it is arranged 
in such a way that the axis of the image mirror is 



horizontal and . that drawing is in a downwards 
vertical direction. 



Drawing furnace according to Claim 2, 
characterized in that it is arranged in such a way 
that the axis of the image mirror is horizontal 
and such that drawing is in the upwards vertical 
direction. 

Drawing furnace according to Claim 2, 
characterized in that it is arranged in such a way 
that the axis of the image mirror is vertical and 
that drawing is in the upwards vertical direction 
through an opening pierced in this image mirror. 

Drawing furnace according to one of Claims 2 to 6, 
characterized in that it is provided with a sealed 
casing so that drawing can be performed under a 
controlled atmosphere, particularly under vacuum. 

Preform for the implementation of the method 
according to Claim 1, characterized in that the 
cladding region consists of a tube made of 
transparent material and the core region consists 
of a powder of determined materials in determined 
proportions so as to produce, with the cladding 
material, the desired inegality relationship 
between the refractive indices of the core and 
cladding regions. 

Preform for the implementation of the method 
according to Claim 1, characterized in that the 
core region consists of a rod of transparent 
material and the cladding region consists of a 
powder of determined material in determined 
proportions so as to produce, with the core 
material, the desired inegality relationship 
between the refractive indices of the core and 
cladding regions. 



Preform for the implementation of the method 
according to Claim 1, characterized in that the 
core consists of a compacted powder of determined 
materials in determined proportions, the cladding 
region consisting of a powder of determined 
materials in determined proportions, so as to 
produce the desired inegality relationship between 
the refractive indices of the two regions, this 
powder being compacted around the first powder. 

Preform according to one of Claims 8 and 9, 
characterized in that the non-transparent 
materials of which the core (or cladding) region 
is made are obtained by direct deposition on the 
interior (or exterior) face of the cladding tube 
(or of the core rod) . 

Preform according to one of Claims 8 and 9, 
characterized in that the non-transparent 
materials of which the core (or cladding) region 
is made are obtained by a prior deposition onto an 
appropriate surface, and are then introduced into 
the cladding tube (or applied to the core rod).. 

Preform according to Claim 12, characterized in 
that the attached non-transparent materials of 
which the core region is made are compacted then 
sintered and finally introduced into the cladding 
tube - 

Preform according to Claim 12, characterized in 
that the attached non-transparent materials of 
which the cladding region is made are compacted 
onto the- rod that forms the core region, then 
sintered. 

Preform according to one of Claims 10, 13 and 14, 
characterized in that the compacting of the 



powders that form the core (or cladding) (or core 
and cladding) region or regions is carried out by 
isostatic pressing, under vacuum if need be. 

Preform according to Claim 8, characterized in 
that the cladding region consists of a tube made 
of molten silica glass which may or may not 
contain determined impurities in determined 
proportions, and the core region -consists of a 
silica glass powder which may or may not contain 
determined impurities in determined proportions, 
but in such as way as to achieve the desired 
inequality relationship between the refractive 
indices of the two regions, this silica glass 
powder being obtained by known reactions of 
pulverulent deposition from a gaseous phase, and 
finally sintered in the tube. 

Preform according to Claim 9, characterized in 
that the core region consists of a molten silica 
glass rod which may or may not contain determined 
impurities in determined proportions and the 
cladding region consists of a silica glass powder 
which may or may not contain determined impurities 
in determined proportions, but in such a way as to 
achieve the desired inequality relationship 
between the refractive indices of the two regions, 
this silica glass powder being obtained by known 
reactions of pulverulent deposition from gaseous 
phases and finally sintered onto . the rod. 

Preform according to Claim 10, characterized in 
that the core region consists of a silica glass 
powder which . may or may not contain determined 
impurities in determined proportions and which is 
compacted, the cladding region consists of a 
silica glass powder which may or may not contain 
determined impurities in determined proportions so 
as to- produce the desired inequality relationship 
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between the refractive indices of the two regions 
and which is compacted around the first powder, 
the two glass powders being obtained by known 
reactions of pulverulent deposition from gaseous 
phases, and the whole entity finally being 
sintered. 

Preform according to one of Claims 8 to 18, 
characterized in that the cladding region is 
surrounded by a protective peripheral region 
consisting of a material compatible with the 
constituents of the cladding and of the core from 
the fibre-drawing properties point of view. 

Preform according to one of Claims 8 to 19, 
characterized in that the region or regions made 
of powder of determined materials in determined 
proportions are produced gradually by superposed 
layers affording a refractive index gradient. 

Method according to Claim 1, characterized in that 
the supply of energy during the heating of the 
preform is achieved in a cylindrical zone of 
predetermined radius, so as to obtain, by 
diffusion during drawing, a refractive-index 
gradient. 
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